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(54) Title: CONNECTOR FOR AN EXPANDABLE TUBING STRING 
(57) Abstract 

A wellbore tubular patch (2) for patching a hole in a wellborc 
has been invented, the tubular patch in certain aspects having an 
expandable top member (6) having a hollow tubular body and a 
top end and a bottom end, an expandable bottom member (10) 
having a hollow tubular body and a top end and a bottom end, 
an expandable bottom member (10) having a hollow tubular body 
and a top end and a bottom end, an expandable outer sleeve (8) in 
which is secured a portion of the bottom end of the expandable top 
member, and a portion of the top end of the expandable bottom 
member inserted into and held within the expandable outer sleeve. 
A method for making a tubular patch for patching a hole in a 
tubular in an earth wellbore has been invented, the method in 
certain aspects including securing a portion of a bottom end of 
an expandable top member in an expandable outer sleeve, the 
expandable top member having a hollow tubular body and a top 
end, and securing a portion of a top end of an expandable bottom 
member within the expandable outer sleeve, the expandable bottom 
member having a hollow tubular body. 
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CONNECTOR FOR AN EXPANOABLE TUBING STRING 

This invention is directed to systems for patching a hole or leak in a tubular 
5 member in a wellbore; to methods for using such systems; to a tubular patch; and, in 
one particular aspect, to such a system and methods of its use that can be inserted 
through a relatively small diameter restriction as is presented by some types of tubing 
and then into a larger diameter member that has an area to be sealed. 

10 Oil and gas wells are ordinarily completed by first cementing casing in the hole. 

Occasionally, a leak develops at some point in the casing and permits the loss of well 

fluids to a low pressure, porous zone behind the casing, or permits an unwanted fluid 

such as water to enter the well. 

It is sometimes necessary to patch a hole or other defect in an oil well pipe such 
15 as casing or production tubing by expanding a malleable liner into sealed engagement 

with the inside wall of the pipe. 

A principal use for liners in wells is to avoid the necessity for running an entire 
string of smaller casing in a well which already has a larger string of casing. Possibly 
the most common use is in the bottom of the well where the existing casing does not 

20 extend to the bottom of the well. In this use : a short liner is lowered through the casing 
into the bottom of the well where a seal is formed between the liner and casing to 
provide a metallic liner in the well to substantially its full depth. In such cases a seal 
between the liner and casing is generally provided by Portland cement pumped in the 
back of the liner to fill the space between the liner and casing. Such seals are seldom 

25 perfect. As a result, if the pressure of fluids from the formations penetrated by the well 
is applied to the outside of the liner and casing, a leak usually results. The liner may not 
be as thick or strong as the casing. When pressure is applied outside the liner and 
casing, the liner is compressed more than the casing and a crack forms between them 
even if none existed before. As soon as an opening is formed for entrance of fluids 

30 between the casing and liner, the pressures inside and outside the casing tend to become 
balanced, permitting the casing to return to its unstressed condition. This further widens 
the opening between the casing and the liner. Since the wider the opening, the more the 
casing stress is relieved and since the more this stress is relieved, the wider the opening 
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becomes, it is apparent that a leak between the casing and liner can hardly be avoided 
even though a long overlap of casing and liner is provided. 

This problem is particularly acute if it is desired to place a steel liner or patching 
steel sleeve over parted casing or a split or hole in casing. In this case, it is difficult to 
5 place Portland cement between the casing and liner and hold the cement in place until it 
sets. In addition, the application of pressure outside the liner quickly causes leakage in 
the manner just described. 

Pipe such as casing or tubing for oil wells may have variations in the inside wall 
which reduce or enlarge the inside diameter of the pipe. If such variations are present in 

10 an area of pipe which receives a liner, it is desirable to expand the liner to conform to 
such variations to provide an effective seal between the liner and the pipe. A difficulty 
encountered in utilizing liner expanding tools in casing or production tubing is in 
removing the tool after the tool has been driven through the liner. If there are 
restrictions in the diameter of the pipe in or above the area covered by the expanded 

15 liner, there is more likelihood that the tool may hang up at the restriction and possibly 
even damage the liner as it is pulled therethrough. 

Various devices have been devised for setting liners to patch casing, tubing, or 
oil well pipe. U.S. Patent 3,191,677 discloses liner setting apparatus with an expander 
ball which is driven through the liner by an explosive jar. U.S. Patent 3,489,220 

20 discloses a method and apparatus for setting a malleable liner having a reverse bend 
therein over a hole in the pipe, removing a reverse bend from the liner to enlarge the 
diameter thereof to slightly less than the inside diameter of the pipe and expanding the 
liner to fit tightly in the pipe. 

U.S. Patent 3,785,193 discloses a tool for expanding a liner to fit tightly against 

25 the inside wall of a pipe such as oil well casing or tubing in spite of variations in the 
inside diameter of the pipe. The tool of this invention includes a mandrel that is adapted 
to be driven through the liner after the liner has been positioned over the hole or other 
defect in the pipe. A collet having flexible fingers extending therefrom is mounted on 
the mandrel and resiliently mounted pins extend from the mandrel to urge the fingers 

30 outwardly into yieldable engagement with the liner such that the liner is expanded to 
conform to the inside wall of a pipe. The collet may be mounted for slidable movement 
with respect to the laterally extending pins to that the flexible fingers can be moved 
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inwardly as the tool is lowered into or removed from the pipe thereby preventing the 
fingers from damaging the liner or otherwise hanging up in the liner or pipe. 

One prior art method of repairing leaks in casing includes placing a steel liner in 
the well, then expanding it against the inside surface of the casing. The liner is 
5 corrugated longitudinally to reduce its diameter so that it will pass through the casing 
easily. A thin coating of an epoxy resin or other cementing material and a glass cloth 
mat are applied to the outside of the liner before it is run in the well. The corrugated 
liner is run in the well on a tubing string, then expanded against the casing by drawing 
an expander device through the liner with the upper end of the liner resting against the 

1 0 lower end of the tubing. The expander device is moved through the liner by a hydraulic 
pump, operated by fluid supplied through the tubing. This method of placing the liner 
sometimes presents problems which contribute significantly to the expense of the 
operation. One problem is that the tubing string must be pulled and run in the well 
twice, once to attach the sleeve and setting tool and once to remove the setting tool. 

15 Another problem is that weak sections in the tubing sometimes fail under the force of 
the hydraulic pressure used to operate the expander. 

U.S. Patent 3,167,122 discloses a method and apparatus for expanding a steel 
liner in a casing using wire line equipment after the tubing has been removed from the 
well, thereby reducing the amount of time necessary to place the liner and avoiding the 

20 risk of rupturing the tubing with hydraulic pressure. The corrugated liner is supported 
on a rod attached to the wire line or cable with the rod passing through the longitudinal 
axis of the liner and the expander device attached to the rod below the liner. An 
explosive charge inside the liner is detonated when the liner is opposite the leak in the 
casing to expand the liner against the casing with sufficient force to anchor the liner so 

25 that the expander can be pulled through to complete the expansion of the liner. 

Many prior art tubular patches are about twenty feet long and comprise two ten 
foot patch tubulars welded together at the factory with high quality heat-treated welds. 
To produce a tubular patch longer than this, multiple pieces are often welded together 
30 on a rig. Often such welding can present a safety hazard. Also the shipment of 
relatively longer tubing patches from the factory to a rig site is usually not practical or 
economical. 
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There has long been a need for a casing patch system which is efficient and 
effective, and for a multi-member tubular patch producible at a rig site with no welding 
or only tack welding. There has long been a need for such a tubular expander patch 
system which is insertable through a smaller diameter restriction, tubular, or tubular 
string into a larger diameter tubular, e.g. casing, which has a leak or hole to be repaired. 

According to the present invention, there is provided a wellbore tubular patch 
for patching a hole in a wellbore, the tubular patch having an expandable top member 
having a hollow tubular body and a top end and a bottom end, an expandable bottom 
member having a hollow tubular body and a top end and a bottom end, an expandable 
outer sleeve in which is secured a portion of the bottom end of the expandable top 
member, and a portion of the top end of the expandable bottom member inserted into 
and held within the expandable outer sleeve. 

Further features of preferred embodiments of the invention are set out in claims 

2 to 15. 

For a better understanding of the present invention and in order to show how the 
same may be carried into effect reference will now be made, by way of example, to the 
accompanying drawings in which: 

Figure 1A is a side cross-section view of a patch according to the present 
invention; Figures. IB, 1C and ID show parts of the patch of Figure 1A; Figures IE, 
IF and 1G are end views of the parts of Figs. IB, 1C, and ID, respectively; Figure 1H 
shows a patch before expansion; 

Figures. 2A - 2C are top views in cross-section of portions of liner patches 
according to the present invention; 

Figures. 3A - 3C are side cross-section views of a patch system to be used with 
the present invention; and 

Figures. 4A - 4E, 5A, 5B and 6 are enlarged views of parts of the system of 
Figure 3A. 

Figs. 1A - 1G show a tubular patch 2 according to the present invention 
expanded and installed in a casing 4 in an earth wellbore. Such a patch may be used in 
both through-tubing and non-through-tubing applications. 
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The patch 2 has an upper portion 6 to which is secured an outer sleeve 8, e.g. by 
welding, press fit, gluing, and/or thermal expansion/contraction of the parts. A lower 
portion 10 received within the outer sleeve 8 has a top end that abuts a bottom end of 
the upper portion 6. Optionally these ends may be glued together. Alternatively the 
5 upper and lower portion ends may be spaced apart from one another within the outer 
sleeve. 

The liner patch is applied to the casing by insertion therein followed by 
expansion. 

Figs. IB - 1G show parts of the patch 2 in an expanded configuration. Prior to 

10 expansion, the patch parts may have a corrugated cross-section. This is shown in Figure 
1H, where the corrugated patch portion 6 is shown inside the casing 4 before expansion. 

Figs. 2A - 2C show embodiments of cross-section views of the patch parts. A 
liner patch upper or lower portion 12 shown in Fig. 2A has 8 corrugations each with an 
angle of about 30° and at an angle of about 75° to each other. A liner patch portion 14 

15 shown in Fig. 2B has 10 corrugations each with an angle of about 39° and at an angle of 
about 75° to each other. A liner patch upper or lower portion 16 shown in Fig. 2C has 
10 corrugations each with an angle of about 20° and at an angle of about 55° to each 
other. In other aspects, the patch parts may have the cross-section of any suitable 
known prior art patch members. 

20 The components of the patch 2 (and of any patch or patch part disclosed herein) 

may be made of metal, steel, stainless steel (including but not limited to 825 incoiloy), 
mild steel (including but not limited to 1011 mild steel), zinc, zinc alloys, aluminium, 
aluminium alloys, iron, copper, and/or copper alloys. Any or all of the outer surface of 
the patch 2 may be wrapped in fibreglass. 

25 In one particular aspect, the upper portion 6 is welded to the outer sleeve 8. 

Such welding may be done at a location remote from a rig. The lower portion 10 is 
pressed into the outer sleeve 8 without welding and held therein with a friction fit. The 
press fitting is done at the rig,. Thus, a patch is provided at a rig site without the 
necessity of welding at the rig site. In other embodiments the outer sleeve is welded to 

■ 

30 the upper portion at the rig site and/or the lower portion is welded to the outer sleeve at 
the rig site. 

The parts of the patch 2 are described as upper portion and lower portion; but it 
is within the scope of this invention to turn the patch upside down for use; to 
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interchange the upper and lower portions; and/or to initially secure the outer sleeve to 
the lower portion. 

In certain particular aspects the upper and lower parts of the patch 2 are made of 
typical wellbore tubulars in ten foot lengths. In one aspect, the upper portion 6 and the 
5 lower portion 10 are each about thirty feet long, comprised of three ten foot long 
tubulars welded and/or screwed together; in another aspect they are forty feet long, 
made of four such ten foot tubulars. In one aspect, about one to five inches of the upper 
portion is welded to the sleeve, and in one particular aspect this is about three inches. In 
one aspect about ten to about thirty inches of the lower portion is fit into the sleeve, and 

10 in one particular aspect this is about eighteen inches. In other aspects, including but not 
limited to in through-tubing applications, the amount of sleeve/lower portion overlap 
may range between about three feet to about seven feet, and in one particular aspect, 
this is about five feet. The parts of the patch 2 may have any suitable wall thickness. In 
one particular aspect, the sleeve has a wall thickness of about .040 inches and is twenty 

15 two feet long and the upper and lower portions have a wall thickness of about .125 
inches and are about five or about ten feet long. 

Fig. 3 A shows a system 110 for expanding a liner patch P as described above in 
a cased wellbore (not shown) prior to movement of the system 110 through the liner 
patch P. . 

20 Fig. 3B shows the system 1 10 with collet fingers 152 and 192 moved and held 

outwardly. Fig. 3C shows the cone 1 1 1 after it has begun its entry into the liner patch P. 

Fig. 4A shows parts of the system 110 for expanding the liner patch of the 
present invention as shown in Fig. 3 A. The system 110 has a cone 111 initially 
disposed in a sleeve 112 which itself is shear pinned with three shear pins 113 (two 

25 shown) to a piston housing 122. The cone 111 has a shaft 114 threadedly engaged in a 
recess 123 of the piston housing 122. A shoulder 115 of the cone 111 rests initially 
against a shoulder 1 16 of the sleeve 1 12. An upper end 117 of the sleeve 1 12 is sized, 
disposed and configured to abut a lower end L of a liner patch P (shown partially in 
Figs. 3 A and 4A) so that a tapered end portion 118 of the cone 111 either initially 

30 touches or is closely adjacent the lower end L of the liner patch P. Initially the sleeve 
1 12 prevents the cone 1 1 1 from entering the liner patch P. 

A lower end 124 of the piston housing 122 is threadedly connected to an upper 
spring seat 140. An upper piston 120 is movably disposed in an interior piston channel 
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125 of the piston housing 122. A lower end of a connecting rod 119 is threadedly 
connected in a top recess 126 of the upper piston 120. A top end (not shown) of the 
connecting rod 1 19 is connected to a hollow extension rod (not shown). The connecting 
rod 1 19 is movable in the interior piston channel 125 and through an interior channel 
5 121 of the cone 111. 

In subsequent operations fluid in the interior piston channel 125 is expelled 
through two relief ports 127 through the piston housing 122! Fluid (e.g. working fluid 
pumped from the surface by a surface pumping unit through a string interconnected 
with the connecting rod 119) under pressure (e.g. water, mud, drilling fluid, hydraulic 

10 fluid) flows through the string (e.g. tubular string, coiled tubing string, etc), through an 
interior channel 128 of the connecting rod 119, out through two ports 129 and into a 
sealed space below the upper piston 120 in the interior piston channel 125. 

An O-ring seal 130 seals the connecting-rod- 119-piston-housing- 122 interface. 
A T-seal 131 (made e.g. of elastomeric or rubber material, e.g. commercially available 

15 Viton material) seals the upper-piston- 120-piston-housing- 122 interface. A T-seal 132 
seals the upper-spring-seat- 140-connecting-rod- 134 interface. An O-ring seal 133 seals 
the piston-housing- 122-upper spring seat 140 interface. 

The upper piston rod 134 moves within an interior channel 141 of the upper 
spring seat 140; within a set of belleville springs 151 positioned in an upper collet 150; 

20 within a spring sleeve 153 in the upper collet 150; within a coil spring 154; and within a 
collet expander 170 (see Figs. 4A, 4B, and 4C). 

A lower end 142 of the spring seat 140 is threadedly connected to an upper end 
of the upper collet 150. The belleville springs 151 are disposed in an interior channel 
155 of the upper collet 150 with a top end of the springs 151 abutting the lower surface 

25 of the upper spring seal 140. Fluid relief ports 156 provide for the expulsion of fluid 
from within the interior channel 155. 

The lower end of the belleville springs 151 abut a top surface of a flange 158 of 
the spring sleeve 153. A top end of the coil spring 154 abuts a lower surface of the 
flange 158 and a bottom end of the coil spring 154 abuts a top end 171 of the collet 

30 expander 170. A series of expandable fingers 152 are formed around the lower end of 
the upper collet 150, each with a lower recess 157 and with stress relief holes 159 
therebetween (see Fig. 4E). Also each finger 152 has a male detent 160 initially 
receivable and holdable in a corresponding female recess 172 of the collet expander 
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170. In one particular embodiment the fingers 152 are about fourteen inches long with 
a space of about one-eighth inch between adjacent fingers and as shown as shown in 
Fig. 3E with ends of fingers 152 offset from ends of fingers 192. About three thousand 
pounds of force is required to move such fingers out of their corresponding female 
5 recesses. In such an embodiment the belleville springs 151 have a spring force between 
about one thousand four hundred to about seven thousand pounds and, in one particular 
aspect, about four thousand pounds; and the coil spring 154 has a spring force between 
about seven hundred pounds to about two thousand five hundred pounds and, in one 
particular aspect, about one thousand five hundred pounds. In such an embodiment a 

10 force of about seven hundred and fifty pounds must be continuously applied to move 
the collet fingers along the outer edge of the collet expander 170 and a force of about 
four thousand pounds is needed to move the made detents 160 out from the 
corresponding female recesses 172. Bottoming out (e.g. lower end abuts top of collet 
expander) of the spring sleeve 153 isolates the coil spring 154 and permits a load to be 

15 transmitted to the belleville springs 151 so that sufficient force can be applied to move 
the fingers along the collet expander. 

The collet expander 171 is generally cylindrical with a top inner channel 173 in 
the top end 171 in which the upper piston rod 134 moves and with a central channel 174 
in which the upper piston rod 134 moves and in which moves a lower piston 180 to 

20 which a lower end of the upper piston rod 134 is threadedly connected. Each male 
detent 160 of the fingers 152 is movable into a female recess 175 on the collet expander 
170. Fluid relief ports 176 provide for the expulsion of fluid from within the collet 
expander 170. 

Working fluid from the surface is flowable down through the upper piston rod 
25 1 34 and out through ports 1 8 1 in the lower piston 1 80 into a space in the central channel 
174 between the lower piston 180 and a top end of a lower collet expander body 177 
(with some space between the lower piston 180 and the interior surface of the central 
channel 174). These structures are sealed similarly to those related to the upper spring 
seat. 

30 Fingers 192 of the lower collet 190 have male detents 199 which are initially 

held in corresponding female recesses 178 of the lower collet expander body 177. Top 
curved surfaces 191 of the fingers 192 correspond to the recesses 157 of the fingers 152 
and are receivable therein. 
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The upper and lower ends of the collet expander 170 and its central portion are 
sized and configured to provide a desired amount of radial expansion of the fingers 152 
and 192 which completely encircle the collet expander. In certain preferred 
embodiments (e.g. the specific embodiment above in which belleville springs have a 
5 spring force of about four thousand pounds) the initial maximum diameter of the system 
110 (e.g. the diameter at the initial location of the fingers 152 or 192 in Fig. 4A) is 
slightly less than 4.4. inches and the expanded diameter (with the fingers 152, 192 
having moved so their male detents are in the female recesses 175 and 179, 
respectively) is slightly less than 5.921 inches. In other embodiments expansion is 
10 about one, one and a half, two, three, six, twelve, twenty or thirty inches. 

A lower piston rod 194 has a top end threadedly connected to the lower piston 
1 80 and a bottom end threadedly connected to a bull plug 230. The lower piston rod 

194 movably extends through the lower collet expander body 177; through a coil spring 

195 in the lower collet 190; through a spring sleeve 196 within the coil spring 195; 
15 through a set of belleville springs 197; and through a lower spring seat 220. The coil 

spring 195, like the previously described coil spring 154, may be like the specific 
embodiments of the coil spring 154 described above. The belleville springs 197 are like 
the described belleville springs 151; and certain specific embodiments thereof are like 
embodiments of the belleville springs 151 described above. 

20 Fluid relief ports 198 provide for the expulsion of fluid from within the lower 

collet 190. An inner shoulder 205 of the lower collet 190 is movable to abut the lower 
end of the lower collet expander body 177 thereby arresting motion of the lower collet 
with respect to the collet expander 170. The fingers 192 are formed and configured as 
the fingers 152, described above, the holes 201 therebetween. 

25 Figs. 5 A and 5B show relative positions of certain parts of the system 1 10 upon 

the application of working fluid under pressure. The force of the fluid has moved the 
upper piston housing 122 down with respect to the upper piston 120 and has moved the 
collet expander 170 down with respect to the lower piston 180 by applying sufficient 
force to move the fingers' male detents from the recesses 172, 178 respectively, along 

30 the exterior of the collet expander 170, and into the recesses 175, 179 respectively. The 
top curved finger portions 191 of the fingers 192 have moved into the recesses 157 of 
the fingers 152. The shear pins 1 13 have not yet been sheared and the cone 1 1 1 has not 
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yet moved into the liner patch P. As the pistons are moving in the collet expander, the 
pistons of the setting tool are moving. 

As shown in Fig. 6, an upward pull on the system 1 10 from the setting tool has 
sheared the shear pins 1 13 releasing the cone 1 1 1 and housing 122; and the cone 1 1 1 
5 has commenced its entry into the liner patch P forcing it apart within the casing (not 
shown). As described above, the cone 1 1 1 has been prevented from entering the liner 
patch P until the collet fingers 152 and 192 have fully expanded over the collet 
expander 170. If the cone 1 1 1 were permitted to prematurely enter the liner patch P 
without full extension of the fingers 152, 192 the cone along and/or the improperly 
1 0 expanded fingers may not adequately expand the liner patch P to achieve a good seal of 
a leak area. 

The length of the extension rod 134 is related to the length of the liner patch P 
used. The length of the liner patch P also determines the length of additional rods 
(extension rods) connected to the setting tool. By using overlapping fingers 152 and 

15 192 (see Fig. 4E) and with the top curved portions 191 resting in the corresponding 
recesses 157, no gap between finger ends of fingers 152 and 192 is presented to the liner 
patch P, pressure distribution from the fingers to the patch is uniform, and the patch is 
substantially all "ironed out" by the collet fingers. 

The major components of the system 110 may be made of steel, e.g. 4140 steel. 

20 The polish rods may be made of 17-4PH stainless steel and the upper and lower collets 
may be made of 4145 steel. In other aspects the components are made of brass, bronze, 
aluminium, zinc, other suitable metals, or alloys or combinations thereof. 

Once the collet expander and fingers have been pulled through the liner patch P, 
the circulation of working fluid is stopped, and the system is raised by pulling up on the 

25 working string. The hold down anchor apparatus is automatically released when fluid 
under pressure ceases to be pumped to the hold down anchor apparatus. The system is 
then raised a desired amount and the hold down is re-set, working fluid is again 
circulated re-expanding the collet fingers, and the system 1 10 is again pulled further up 
through the liner patch P. This is done until the liner patch P has been expanded along 

30 its entire length. Once the system 1 10 is removed from the liner patch P, the anchoring 
hold down and the collets automatically contract so that the system 110 assumes its 
original diameter and is freed for removal from the wellbore. In a system with a collet 
fingers about fourteen inches long as described above, about two feet of a liner patch P 
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are expanded for an initial stroke of a setting tool. Each subsequent stroke expands 
about ten feet of the liner patch P. 

In a typical operation of a system 1 10 to patch a casing in a wellbore, the system 
is run into a cased wellbore and may be run through an interior string, e.g. a tubing 
5 string, with a smaller inner diameter than that of casing which extends down below a 
lower end of the inner tubing string. Once the system exits the tubing string, it is moved 
to a location in the casing at which there is a hole or leak are to be patched. With the 
system properly located, working fluids are circulated down to the system at about 1000 
p.s.i. to expand the collet fingers. Working fluid pressure is then increased to shear the 

10 cone shear pins, e.g. to about 1500 p.s.i. Then pressure is increased e.g. to 3500 p.s.L to 
5000 p.s.i. to pull the collet through the patch as the setting tool pulls the expanded 
collet assembly through the liner patch. Working fluid circulation is then stopped and 
the system is then pulled up on to re-set the setting tool to re-stroke hydraulic cylinders 
in the setting tool. Then the expansion cycle is repeated until complete liner patch 

15 expansion is achieved. A known stroke indicator, for example that shown in WO 
98/21444, may be used to indicate the end of the expansion cycle. 
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CLAIMS: 

1 . A wellbore tubular patch (2) for patching a hole in a wellbore, the tubular patch 
comprising 

an expandable top member (4) having a hollow tubular body and a top end and a 
5 bottom end, 

an expandable bottom member (10) having a hollow tubular body and a top end 
and a bottom end, 

an expandable outer sleeve (8) in which is secured a portion of the bottom end of 
the expandable top member, and 
10 a portion of the top end of the expandable bottom member inserted into and held 

within said expandable outer sleeve. 

2. A tubular patch as claimed in claim 1, wherein the expandable top member (4), 
the expandable bottom member (10) and the expandable outer sleeve (8) are corrugated 

1 5 in cross-section prior to expansion. 

3. A tubular patch as claimed in claim 1 or 2, wherein the expandable top member 
and the expandable outer sleeve are held together by welding, and the expandable outer 
sleeve and expandable bottom member are held together by friction fit. 

20 

4. A tubular patch as claimed in claim 3, wherein the expandable top member and 
expandable outer sleeve are welded together at a site remote from a rig and the 
expandable bottom member and expandable outer sleeve are press fit together at the rig. 

25 5. A tubular patch repair system for closing off a hole in a select tubular of a 
tubular string in a wellbore, the wellbore extending from an earth surface to a point 
down therefrom, the tubular string including a first part having a first inner diameter and 
a second part having a second inner diameter, the second inner diameter greater than the 
first inner diameter, the select tubular in the second part of the tubular string, the tubular 

30 patch repair system including a tubular patch (2) with an expandable top member (4) 
having a hollow tubular body and a top end and a bottom end, an expandable bottom 
member (10) having a hollow tubular body and a top end and a bottom end, an 
expandable outer sleeve (8) in which is secured a portion of the bottom end of the 
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expandable top member, and a portion of the top end of the expandable bottom member 
inserted into and held within the expandable outer sleeve and the tubular patch initially 
sized for movement through the first part of the tubular string and enlargeable upon 
movement into the second part of the tubular string. 

5 

6. A method for patching a hole in a tubular in a wellbore, the method comprising 

introducing a tubular patch system into a tubular string in a wellbore and 
locating it adjacent a hole in the tubular, the tubular patch system including a tubular 
patch (2), an expandable top member (4) having a hollow tubular body and a top end 
1 0 and a bottom end, an expandable bottom member (10) having a hollow tubular body and 
a top end and a bottom end, an expandable outer sleeve (8) in which is secured a portion 
of the bottom end of the expandable top member, and a portion of the top end of the 
expandable bottom member inserted into and held within the expandable outer sleeve, 
and 

15 expanding the tubular patch to close off the hole in the tubular. 

7. A method as claimed in claim 6, wherein the expandable top member and the 
expandable outer sleeve and expandable bottom member are held together by friction 
fit. 

20 

8. A method for closing off a hole in a select tubular in a second part of a tubular 
string, the tubular string in a wellbore, the wellbore extending from an earth surface to a 
point down therefrom, the tubular string including a first part having a first inner 
diameter and a second part having a second inner diameter, the second inner diameter 

25 greater than the first inner diameter, the method comprising 

introducing a tubular patch repair system into and through the first part 
of the tubular string, the select tubular, the tubular patch repair system for closing off 
the hole in the select tubular, the tubular patch repair system comprising an expandable 
top member (4) having a hollow tubular body and a top end and a bottom end, an 

30 expandable bottom member (10) having a hollow tubular body and a top end and a 
bottom end, an expandable outer sleeve (8) in which is secured a portion of the bottom 
end of the expandable top member and a portion of the top end of the expandable, 
bottom member inserted into and held within the expandable outer sleeve, wherein the 
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expandable top member and the expandable outer sleeve are held together by welding; 
and the expandable outer sleeve and expandable bottom member are held together by 
friction fit, 

moving the tubular patch repair system into the second part of the tubular 

5 string, 

enlarging the tubular patch repair system within the second part of the 
tubular string for repair operation therein, and 

activating the tubular patch repair system to close off the hole in the 

select tubular. 

10 

9. A method for making a tubular patch for patching a hole in a tubular in an earth 
wellbore, the method comprising 

securing a portion of a bottom end of an expandable top member (4) in 
an expandable outer sleeve (8), the expandable top member having a hollow tubular 
1 5 body and a top end, and 

securing a portion of a top end of an expandable bottom member (10) 
within the expandable outer sleeve, the expandable bottom member having a hollow 
tubular body. 

20 10. A method as claimed in claim 9, wherein the portion of the bottom end of the 
expandable top member is secured in the expandable outer sleeve by welding. 

11. A method as claimed in claim 9 or 10, wherein the portion of the top end of the 

expandable bottom member is held within the expandable outer sleeve with a friction 
25 fit. 



12. A method as claimed in claim 9, 10 or 11, wherein the portion of the bottom 
end of the expandable top member is secured in the expandable outer sleeve by welding 
at a site remote from a rig. 

30 

13. A method as claimed in any of claims 9-12, wherein the portion of the top end of 
the expandable bottom member is held within the expandable outer sleeve with a 
friction fit at the rig. 
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14. A method as claimed in any of claims 9-13, wherein the expandable top 
member, the expandable bottom member, and the expandable outer sleeve are 
corrugated in cross-section prior to expansion. 

15. A method for making a tubular patch for patching a hole in a tubular in an earth 
wellbore, the method comprising 

securing a portion of a bottom end of an expandable top member (4) in 
an expandable outer sleeve (8), the expandable top member having a hollow tubular 
body and a top end, and 

securing a portion of a top end of an expandable bottom member (10) 
within the expandable outer sleeve, the expandable bottom member having a hollow 
tubular body. 



WOOO/MSOI PCT/CB9OT35SS 




Fig.lH Fig.lG 



SUBSTITUTE SHEET (RULE 26) 



WO 00/26502 



PCT/GB99/03S85 




SUBSTITUTE SHEET (RULE 26) 



WO 00/26502 



PCT/CB99/03585 



3/6 




23(M|| Fig.3A 



SUBSTTTUTE SHEET (RULE 26) 



WO 00/26502 



PCT/CB99/0358S 



4/6 




SUBSTITUTE SHEET (RULE 26) 



WO 00/26502 



PCT/CB99/03S8S 



5/6 



A 



'^201 



/ 



/ 



-195 



194 
196 



197 




230 



Fig.4E 



Fig.4D 



SUBSTITUTE SHEET (RULE 26) 



WO 00/26502 



6/6 



PCT/CB99/03585 




Fig.5A Rg.5B Fig.6 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



intern .at Application No 

PCT/GB 99/03585 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 E21B29/10 E21B43/10 E21B17/02 E21B17/08 



According to intamational Prtartf ClasarffcatJon (IPC) or to both national classification and IPC 



8. FIELDS SEARCHED 



Minimum documentation searched (classification system fofowed by dassdtcaUon symbols) 

IPC 7 E21B 



Documentation seercned other than minimum documentation to the extent thai such documents are included In the folds searched 



Electronic data base consulted during the intemational search (name of data base and. where practical, search terms used) 



C. DOCUMENTS CONSlOEREO TO BE RELEVANT 



Category * 


Citation of document, wfth Indication, where appropnale, of the relevant passages 


Relevant to claim No. 


X 


WO 98 22690 A (SHELL CANADA LTD ; SHELL INT 


1,15 




RESEARCH (NL)) 28 May 1998 (1998-05-28) 




page 3, line 26 -page 4, line 7 






page 2, line 12,13 






figure 2 




Y 




5,6,9. 


Y 


WO 98 21444 A (LUCAS BRIAN RONALD 


5,6,9 




;WEATHERF0RD LAMB (US)) 




22 May 1998 (1998-05-22) 






claims 29,30 




X 


W0 98 42947 A (PETROLINE WELLSYSTEMS LTD 


1,15 




; METCALFE PAUL D (GB)) 




1 October 1998 (1998-10-01) 






page 10, Hne 21-25 






page 11, Hne 12-20 






figures 2,4 






-/-- 





Further documents ere listed In the continuation <y box C. 



[)( I Patent famtfy members are fisted In 



• Special categories of cited documents : 

"A 9 document deftntig me general state of the art which is not 
considered to be of particular relevance 

~E' earlier document but puttfsned on or after the international 
fling date 

X* document which may throw doubts on priority ctaJm(e)or 
which t* cited to establish the publication date of another 
citation or other special reason (as specified) 

*C>* document referring to an oral disclosure, use. exhtxbon or 
other means 

~P" document published prior to the imemattonal flltng date but 
later than the priority date claimed 



T later document published after the International filing dale 
or priority date and not in conflict wfth the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
invorve an inventive step when the document rs taken alone 

"Y" document of particular relevance: the claimed invention 

cannot be considered to rnvova an inventive step when the 
document rs combined wfth one or more other such docu- 
ments, ouch combination being obvious to a person staled 
In the art. 

"A" document member of the same patent famity 



Date ol the actual completion of the international search 



7 January 2000 



Date of mailing of the international search report 



17/01/2000 



Name and mailing address of the ISA 

European Patent Office. P.B. 5816 Patenttaan2 
NL - 2230 HV Rijswijk 
Tel. (+31 -70) 340-2040. Tk. 31 651 epo nj, 
Faa: 1*31-70) 340-3016 



Authonzed on tear 



Schouten, A 



Form PCTVtSA/2i 0 (second aftset) (JUy 1 993) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



C4C©«lm»«tlon) DOCUMENTS CONSOERED TO BE RELEVANT 



Inter »naJ Application No 

PCT/GB 99/03585 



Calegcwy * 



Citation of document. w*h ffttflcalioawnere appropriate, of the relevant passages 



Relevant to daim No. 



WO 97 21901 A (CAMPBELL ALASOAIR ; METCALFE 
PAUL DAVID (GB); PETROLINE WIRELINE SE) 
19 June 1997 (1997-06-19) 
the whole document 

WO 96 37681 A (CAMPBELL ALASDAIR 
; PETROLINE WIRELINE SERVICES (GB)) 
28 November 1996 (1996-11-28) 
the whole document 



1,5,6,8, 
9,15 



1,5,6,8, 
9,15 



FomPCT/fSAQiO(ccrraruaOorte4 tacond sheet) (A4y 1982) 



page 2 of 



2 



INTERNATIONAL SEARCH REPORT 

information on p stent family mtmbea 



inter. n«t Application No 

PCT/GB 99/03585 



Patent document 
cited in search report 



PuDScatron 
dale 



Patent family 
memberts) 



Publication 
date 



WO 9822690 



28-05-1998 



WO 9821444 



22-05-1998 



WO 9842947 



01-10-1998 



W0 9721901 



19-06-1997 



WO 9637681 



28-11-1996 



AU 


5656598 A 


10-06- 


1998 


EP 


0939854 A 


08-09- 


1999 


NO 


992359 A 




■1 QQQ 


US 


57A5120 A 






us 


5957195 A 


28-09- 


1999 


AU 


4955097 A 


03-06- 


1998 


EP 

LI 


UJ*rO/ VO A 


11-1 A- 
1 J lu 


.1 QQQ 




77 10QD A 


c J-tJo- 


1999 


AU 


fi7-lQ0QQ A 
U/ A 


cU-lU- 




TP 

Li 


nQAfllKI A 

uyoojDi a 


Ub-01- 


O AA A 

zooo 


Nfl 


QQ/1CQ1 A 


10-11- 


1 AAA 

1999 


All 
AU 


1f\AQQQ7 A 


03-07- 


1 A A ~T 

1997 


CP 
Lr 


UoobboZ A 


1 O Art 

23-09- 


1998 


vjD 


OIOIQQA A 

toc/yy** a 


in no 

10-02- 


1 AAA 

1999 


NO, 
NU 


QQ3£3C A 


1 A AA 

10-08- 


1998 


All 
AU 


rnoc i a d 

09oOl4 B 


05-11- 


1998 


All 
AU 


CQOfiCQC A 


11-12- 


1996 


All 

AU 


7*>/IQ10C A 


H-12- 


1 A rt y~ 

1996 


r A 
CA 


cccl/o9 A 


28-11- 


1996 


rii 
LN 


1- 1 oci fin a 

lloblyQ A 


1 "T a /r 

17-06- 


1998 


0E 


69603725 0 


16-09- 


1999 


W0 


9637680 A 


28-11- 


1996 


EP 


0828918 A 


18-03- 


1998 


EP 


0824628 A 


25-02- 


1998 


JP 


11505902 T 


25-05- 


1999 


JP 


11505904 T 


25-05- 


1999 


NO 


975348 A 


23-01- 


1998 


NO 


975350 A 


16-01- 


1998 


NZ 


308590 A 


27-04- 


1998 


NZ 


309768 A 


30-08- 


1999 


US 


5984568 A 


16-11- 


1999 


US 


5924745 A 


20-07- 


1999 



Foan PCT/SM210 (p«M t*rr*y wvt*x) pc*y 1992) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLURRED OR ILLEGIBLE TEXT OR DRAWING 



